Although Keilin and Hartree (1934) and Blaschko (1935) have shown that sodium azide inhibits catalase derived from animal tissue, there is no information about its action on bacterial catalase. It seemed therefore desirable to make a quantitative study of the effects of sodium azide on catalase derived from this source. Since peroxides are metabolic products of many organisms, the inhibition of an enzyme which decomposes these substances might permit their accumulation in bactericidal quantities. The present paper deals with the effect of sodium azide on the catalase activity of bacteria, and an attempt is made to point out the possible significance of this action.
Reference to table 1 shows the relative catalase activities of 1 ml. of suspensions of 31 strains of washed bacteria. While the figures do not take into account the numbers of bacteria in the various suspensions, and are therefore not indicative of the catalase activity in terms of dry bacterial weight, they do roughly divide the species into strong, moderate, weak, and negative catalase producers.
Several species of bacteria which produced catalase, as evidenced by the results of this experiment, were selected for further study in order to determine the effect of sodium azide on the enzyme. The technic employed was as follows: germ suspensions were prepared as previously described. Nine-tenths ml. of the suspensions was used, and 0.1 ml. of 0.1 and 0.2 per cent sodium azide was added to make a final concentration of 0.01 and 0.02 per cent of the chemical, or M/650 and M/325. The bacterial suspensions were allowed to react with sodium azide in these concentrations for 0-48 hours in order to determine the effect of time on the reaction. At definite intervals (0, 3, 6, 12, 24 , and 48 hours) 1 ml. of suspension was removed and the catalase activity determined by the method described. Controls were: (1) 0.9 ml. of germ suspension plus 0.1 ml. of buffer solution, (2) 1 ml. of buffer solution, (3) 1 ml. of 0.01 per cent sodium azide, and (4) 1 ml. of 0.02 per cent sodium azide. It was quickly ascertained that sodium azide alone had no effect on the decomposition of hydrogen peroxide, and these controls were discarded from further experiments. Although variations were encountered in day to day titrations, the results indicated a marked inhibition of catalase activity as soon as the germs came in contact with the chemical. This effect of sodium azide is presented in table 2 which shows its action on suspensions of the strong catalase producer, Staphylococcus citreus.
The reason for the marked reduction in the catalase activity of the control suspension after 6 hours incubation is obscure.
After the addition of the chemical to suspensions of 11 species of bacteria, 1 ml. was immediately removed and the catalase activity of these samples deter- These data show that the most resistant organisms to the action of sodium azide are the streptococci, the anaerobes, and the lactobacilli. These bacteria lack the enzyme catalase. All the germs which produce catalase are susceptible to sodium azide, using growth as a criterion, although this characteristic varies. According to the data given, those germs which are weak or moderate catalase producers are the least resistant to the action of the chemical. Those which are strong catalase producers, with the exception of S. citreus, are more resistant. The correlation between the catalase activity of a germ and its susceptibility to the inhibiting action of sodium azide on growth is superior to a relation between the gram reaction of the organism and its resistance to the chemical. that the experiment indicates no destruction of the catalase-forming mechanism, but probably a combination with preformed enzyme. From time to time catalase determinations were made on strains of bacteria after serial subculture on 0.01 per cent sodium azide infusion agar. This was undertaken to detect whether or not the organisms became adapted to the presence of the chemical, although from a theoretical point of view this was not expected.
The results indicated rather clearly that although these strains of bacteria (S. albus, S. aureus, and P. aeruginosa) had become adjusted to the chemical judging from the amount of growth, the inhibition in catalase activity was in keeping with that for germs cultured on sodium azide infusion agar for the first time.
The experiments described have dealt primarily with the action of sodium The first was based on the postulation that the presence of an initial amount of catalase in broth, previous to its inoculation with bacteria, might have some effect on the resistance of the germs to the action of the chemical. The catalase would of course be added since autoclaving destroys the amount originally present. Heavy suspensions of B. subtilis and S. citreus in phosphate buffer solution were centrifugated and the supematant fluid tested for catalase activity. This was found to be about half of a similar quantity of whole culture. Dilutions of this supernatant fluid were added to plain broth and to broth containing Several technics were investigated but none were sensitive enough to detect peroxide in aerobic bacterial cultures. These were the technics of Fuller and Maxted (1939) , of Sevag and Shelburne (1942a) and the simple titration of acidified cultures with weak potassium permanganate. Of the three methods, the first was the most sensitive and it was possible to detect peroxide in some streptococcus and pneumococcus cultures by using this procedure. However, it was not sensitive enough for the desired purpose. We were unable to demonstrate the formation of a toxic amount of hydrogen peroxide in either plain or sodium azide broth cultures.
It is of course possible that one is unable to inhibit catalase selectively with sodium azide without inhibiting the other heme-containing enzymes (Sevag and Shelburne, 1942b) , and this might very well account for the close parallelism between the inhibition of catalase and the growth of bacteria in the presence of sodium azide. 4. The introduction of catalase into infusion broth previous to its inoculation with bacteria, did not affect the sensitivity of the bacteria tested to sodium azide.
5. Attempts to demonstrate the presence of peroxide in plain broth and sodium azide broth cultures of bacteria were unsuccessful.
